Acrylic resin is widely used in manufacturing removable orthodontic appliances. Nevertheless water sorption and dimensional changes are some of the drawbacks of this material that can affect the accuracy of the appliance. The aim of this study was to evaluate the effects of Corega® solution on dimensional changes of orthodontic appliances in comparison with two conditions including dry and water environment. Sixty six acrylic resin specimens were made in quadrangular metal mold. Then the length, width and diameter of each specimen were measured with digital caliper with measurement accuracy of 0.01 mm. Specimens were randomly divided into three groups. The samples in these three groups were kept in dry environment, water and Corega® solution respectively. Different dimensions of the specimens were blindly measured after 18 hours, 48 hours and 1 week by two independent evaluators. Dry environment had the highest amount of dimensional change and was significantly different from water and Corega® solution over those three evaluated periods of time. No significant difference was seen between dimensional changes in water and Corega® solution. Also data analysis showed that acrylic resin's dimensional change in dry environment over different periods of time is not statistically significant. Orthodontic appliances should be kept in water or Corega® solution and Corega® solution is the superior choice due to its antibacterial effects.
Acrylic resins were introduced to dentistry in 1937. To date no other material has been found that would imitate underlying soft tissue as good as acrylic resins. Low cost, ease of manipulation and acceptable physical properties make acrylic resins a good choice in fabricating removable orthodontic appliances, removable prosthetics, etc. 1 On the other hand, function of the appliance depends on its adaptation with underlying tissue. Good adaptation increases the stability and retention of the appliance which results in better compliance.
Accuracy and adaptation of resin appliances depends on many factors such as method of fabrication, type of material, and its dimensional stability. 2 Complex interactions between acrylic resin's surface area, volume and shape cause dimensional changes during construction and in service which is the biggest disadvantage of acrylic resins. 3 Dixon et al. 4 have reported that certain amount of dimensional change should be considered as one of the drawbacks of acrylic resins. Two types of dimensional change known as shrinkage and expansion can be seen in all acrylic resins. The reported linear shrinkage varies between 0.26-1.2%. Acrylic appliances also tend to absorb water (called hygroscopic expansion). Little amount of water sorption in polished appliances can improve the dimensional stability. However, this hygroscopic expansion may compensate the shrinkage partially or completely or even exceed the initial size .These changes are more significant when a long term hiatus occurs in wearing the appliance. 1 Resin appliances can become contaminated by fungi, Candida Albicans or bacterial plaque. To reduce such contaminations daily use of chemical disinfectants such as Glutaraldehyde, Sodium hypochlorite and Iodoform is recommended. 5 Adverse effects of dental plaque on periodontal health and decay formation is comprehensively evaluated and documented. Removable orthodontic appliances used either as a retention appliance or as an active device, increase plaque accumulation on teeth surfaces, clasps, springs and acrylic base. 6 Zabokova-Bilbilova et al. 7 reported high occurrence of enamel demineralization white spots in 50 percent of patients undergoing orthodontic treatments for 2 years.
Removable orthodontic appliances can change the normal oral microbial flora into the pathologic microorganisms therefore meticulous hygienic care should be considered in orthodontic patients.
Long term water adsorption of polymethyl acrylates helps the microbial growth in surface porosities of acrylic appliances. 6 Mechanical cleaning with a tooth brush is usually just enough to remove loosely attached food debris. Whereas microorganisms such as Candida Albicans can penetrate even polished acrylic bases into the depth of 1-2 µm. 8 Lessa et al. 6 stated that acrylic appliances that were cleaned solely with water had more microorganisms than the ones that were cleaned with antibacterial agents. Therefore immersing the appliance in chemical cleansers such as alkaline peroxide and sodium hypochlorite is highly recommended.
The effects of chemical cleansers on different properties of acrylic bases such as surface roughness, color stability, dimensional changes, etc should also be noticed.
In a study conducted by Felipucci et al. 9 in 2011 the effects of different cleansers on surface characteristics of removable dentures were evaluated and they showed that Corega® solution neither increases surface roughness of resins nor tarnishes the metal surfaces. Although the effects of chemical cleansers on surface characteristics of acrylic bases are widely investigated, little information on their effects on dimensional changes of orthodontic appliances is available. Considering the importance of appliance adaptation and its dimensional stability, the purpose of this study was to evaluate the effects of Corega® solution on dimensional changes of orthodontic appliances in comparison with two conditions including dry and water environment.
MATERIAL AND METHODS
Sixty six acrylic resin specimens were made in quadrangular metal mold with internal space of 57mmx20mmx3mm. The mold was filled with self cure acrylic resin (Orthoresin, Dentsply, Victoria, Australia) in single increment. A glass microscopic slide was placed over the mold and pressed to remove excessive resin. All specimens were put in 60°C water to increase polymerization and reduce porosity formation. This also resulted in increasing the yield strength and transverse strength of resin.
After the setting time, the specimens were removed carefully from the mold. The length, width and diameter of each specimen were measured right after removal from the mold with digital caliper (Mitutoyo, Kawasaki, Kanagawa, Japan) with measurement accuracy of 0.01 mm. Specimens with no porosity or distortion were chosen and randomly divided into three groups. The samples in the first group were kept in dry environment, the samples in the second group were stored in water and the samples in the third group were stored in Corega® solution (sodium bicarbonate, citric acid, lactose, sodium carbonate, sodium lauryl sulfate, PVP/VA copolymer, mint flavors). All specimens were kept in incubator in 25°C as to mimic the room temperature.
Different dimensions of the specimens were blindly measured after 18 hours, 48 hours and 168 hours (one week) by two independent evaluators. After each measurement the specimens were returned to their original environment to reduce errors. Dimensional change for each specimen was calculated using this formula: " 
RESULTS
The median score and dimensional change in all three groups in three different time periods are shown in tables 1, 2 and 3.
Multiple comparison analysis by Tukey Test showed that after 18 hours, dry environment had the highest amount of dimensional change (pvalue: 0.02) and was significantly different from water and Corega® solution (p-value :0.008 and 0.046 respectively). No significant difference was seen between dimensional change in water and Corega® solution (p-value: 0.783).
After 48 hours, dry environment had the highest amount of dimensional change (p-value: 0.03) and was significantly different from water and Corega® solution (p-value: 0.048 and 0.016 respectively). No significant difference was seen between dimensional changes in water and Corega® solution (p-value: 0.901).
After 168 hours (1 week), dry environment had the highest amount of dimensional change (p-value: 0.04) and was significantly different from water and Corega® solution (p-value: 0.009 and 0.004 respectively). No significant difference was seen between dimensional change in water and Corega® solution (p-value: 0.825).
Data analysis by Repeated measures test showed that acrylic resin's dimensional change in 
DISCUSSION
Patient's compliance with the use of orthodontic appliances depends on not just internal and external motivation but other factors such as appliance type, appliance convenience for the patient, lack of tissue soreness and its biocompatibility. Orthodontic appliances are made from clear orthodontic acrylic resins with the base of polymethyl methacrylate. This material undergoes dimensional changes affected by released stresses, water absorption or dehydration and incomplete polymerization. 5 Any interruption in regular use of the appliance caused by journey, missing, primary non compliance, or even part time use of the appliance in the retention phase makes the dimensional changes to be more evident in the form of distortion and lack of tissue adaptation when the patient starts to wear the appliance again.
On the other hand, orthodontic appliances increase biofilm accumulation in oral cavity due to their retentive sites (i.e. clasps, springs, etc). Moreover the acrylic base plates can provide ideal niches for microbial growth. Therefore the orthodontic appliances should be kept in a specific environment outside of the mouth to disinfect the appliance and improve oral health.
With respect to these two basic factors i.e. deformities and dimensional changes of the orthodontic acrylic appliances and their crucial influence on oral health and hygiene, the aim of this study was to determine the best environment to keep the orthodontic self cured acrylic appliances in.
Many factors such as size and shape, appliance thickness, stress release, etc affect the dimensional changes of acrylic resins 2 , so it seems practical to use a specimen with a simple shape to study the dimensional changes of acrylic resins. This way we can eliminate other factors and attribute the results of dimensional changes solely to the acrylic resins and the methods used.
In this study we used rectangular shaped specimens with controlled thickness. Therefore we used a norm to investigate these dimensional changes. Four vertices of the rectangle were named as A, B, C and D and the resultant six vectors were analyzed as As stated before the dry environment caused a significant polymerization shrinkage (-0.190) after 18 hours that seemed to be due to the primary polymerization shrinkage and the continued setting shrinkage of the acrylic resins. This outcome obtained in dry environment is accordant with previous studies that mentioned that the highest dimensional changes (shrinkage) occur in the first 24 hours. Also Mojon et al. 10 showed that 80% of the dimensional changes in the room temperature occur in the first 17 minutes.
This shrinkage continued for 48 hours at a lower rate (-0.197 ) that can be due to the polymerization cycles.
After one week only a small portion of the shrinkage was compensated (-0.193 ) that seemed to be due to humidity absorption. Also Polychronakis et al. 3 showed that weight changes of the resins kept in dry environment with the humidity of 100% after a certain period of time equal the changes of those kept in water environment that this can explain the reason of shrinkage compensation occurred in our study.
In water environment the amount of water absorption is more than the amount of shrinkage and changes are in the form of expansion (+0.013) which is not significant. Past studies show shrinkage in 24 hours 11 , this disagreement can be due to difference in residual monomers in cold cure and heat cure acrylic resins and also different diffusion coefficients.
After 48 hours the amount of shrinkage exceeds the amount of expansion and the overall change becomes a non significant shrinkage (-0.001). After one week, progressive water absorption caused a non significant net expansion (+0.028). The studies conducted by Chen et al. 12 and Goodkind et al.
13 also had the same results and showed no significant changes after one week of being kept in water environment. However Miessi et al. 14 showed that when specimens are kept in water for longer periods of time (2 months) significant expansion may occur and it would damage appliance fitness. This further expansion is caused by the great capacity of resin for water sorption.
In Corega® solution after 18 hours, changes occur in the form of non significant shrinkage (-0.031) that could be due to the amount of shrinkage in the first hours after polymerization. The difference between Corega® solution and water in the first 18 hours may be due to the different amount of monomer release because of different components of Corega® solution and water.
After 48 hours water absorption exceeds the amount of shrinkage (0.034) and continues to increase after a week (0.061) but none of these amounts of expansion are significant.
The mean dimensional changes after 18 hours in dry environment, water and Corega® solution were -0.190, +0.013 and -0.031 respectively that suggests water environment has caused minimum changes and dry environment has caused maximum changes. Ghanbarzadeh et al. 15 reported equal amount of changes in dry environment and water after 24 hours that this non concurrence could be due to use of different types of acrylic resins.
The mean dimensional changes after 48 hours in dry environment, water and Corega® solution were -0.197, -0.001 and +0.034 respectively that showed water environment has caused minimum changes and dry environment has caused maximum changes. The study conducted by Ghanbarzadeh et al. 15 also confirmed the same results.
The mean dimensional changes after 1 week in dry environment, water and Corega® solution were -0.192, +0.028 and +0.061 respectively that shows again water environment has caused minimum changes and dry environment has caused maximum changes.
Ghanbarzadeh et al. 15 investigated the effects of storage conditions on dimensional changes of acrylic post-core patterns and concluded that among 3 different conditions (dry atmosphere at 25°C, 100% humidity at 25°C and water at 4°C) 100% humidity at 25 °C is the best environment that causes minimal changes in dimensions.
They also found that storage time affected the post thickness but did not have any effects on the length or thickness of the core. Also in our study the storage time was not effective (pvalue > 0.05). However Miessi et al. 14 reported that the storage time had effects on dimensional changes. The result of this study suggests that keeping the appliance in dry environment should be avoided due to the highest amount of dimensional changes. Dimensional changes are not significantly different between water and Corega® solution but Corega® solution is the superior choice due to its antibacterial effects.
CONCLUSION
Orthodontic appliances should be kept in water or Corega® solution and Corega® solution is the superior choice due to its antibacterial effects.
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